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Abstract 

In recent years, the collection of eggs of stink bugs (Pentatomidae) has intensified because of the attention 
given to egg parasitoids in classical biological control strategies against Halyomorpha halys (Stal) in Europe. 
Several specimens belonging to the genus Télenomus Haliday emerged from field-collected pentatomid 
eggs. Taxonomic knowledge to date has not been sufficient to enable the research community to iden- 
tify these specimens to species level. Three species of scelionid wasps (Scelionidae) associated with Pen- 
tatomidae, Telenomus gifuensis Ashmead, Telenomus truncatus (Nees von Esenbeck) and Telenomus turesis 
Walker, have been characterized on a morphological basis. A COJ barcode analysis confirmed the genetic 
distance between the latter two species. An identification key to the three 7e/enomus species occurring in 
the Palearctic region associated with stink bugs is provided. Telenomus heydeni Mayr is here considered 


conspecific with 7elenomus truncatus (Nees von Esenbeck). 
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Introduction 


The subfamily Telenominae (Hymenoptera, Scelionidae), particularly the genera 
Trissolcus Ashmead and Telenomus Haliday, have been studied, in part, because of their 
potential as biological control agents (BCAs) of economically important pests. Species 
of Trissolcus parasitize eggs of stink bugs (Pentatomoidea), particularly Pentatomidae 
and Scutelleridae, and a few are phoretic on leaf-footed bugs (Coreidae) (Kozlov and 
Kononova 1983; Johnson 1984a, 1984b, 1987, 1991; Yan et al. 2022). Species of 
Telenomus share these hosts, but also attack a wider range of Heteroptera, as well as 
Auchenorrhyncha, Lepidoptera, Diptera and Neuroptera (Bin and Johnson 1982; 
Johnson and Bin 1982; Kozlov and Kononova 1983; Johnson 1984b). 

Telenomus is by far the largest genus in the subfamily and includes a consider- 
able number of species that cannot be reliably identified. This taxonomic challenge 
has its roots in the diversity and size of the genus, and in what Meier et al. (2022) 
termed the “superficial description impediment”. Descriptions for Palearctic taxa, par- 
ticularly from the early years of European insect taxonomy, are woefully insufficient 
for species-level identification. Despite these inauspicious beginnings, there have been 
notable advancements in the classification of telenomine wasps. Kozlov (1967, 1968), 
Kozlov and Kononova (1983), and Kononova (2014) treated Palearctic species; John- 
son (1981) dealt with Nearctic 7elenomus with keys to identify the species of the nigri- 
cornis group (Johnson 1981), and podisi and phymatae groups (Johnson 1984b). After 
this, the world fauna was catalogued by Johnson (1992). The podisi species group, 
which parasitizes the eggs of Pentatomidae and Scutelleridae, was defined by Johnson 
(1984b) and includes the species treated here. 

The taxonomy of Telenomus in the western Palearctic received little attention in 
the 21 century until the arrival of the brown marmorated stink bug, Halyomorpha 
halys (Stal) (Hemiptera, Pentatomidae). The pestiferous nature of this stink bug 
and the potential risk of dispersal to other countries (Zhu et al. 2012) has led sev- 
eral institutions to deepen the knowledge on biological control strategies (Gariepy 
et al. 2014b; Maistrello et al. 2017; Bosco et al. 2018; Leskey and Nielsen 2018; 
Moore et al. 2019). In Integrated Pest Management (IPM) programs, much atten- 
tion has been given to the ability of BCAs to counter the pest population, and, 
in the specific case of stink bugs, first to native and then exotic egg parasitoids. 
To study the diversity of egg parasitoids and their impact on native pentatomid 
species, egg mass survey programs have been performed in several countries in dif- 
ferent habitats (e.g., forests, orchards, urban parks) (Koppel et al. 2009; Dieckhoff 
et al. 2017; Jones et al. 2017; Moonga et al. 2018; Sabbatini Peverieri et al. 2019; 
Holthouse et al. 2020; Andreadis et al. 2021; Moraglio et al. 2021b; Japoshvili et 
al. 2022; Ozdemir et al. 2022). These investigations have expanded knowledge of 
the distribution and biology of parasitoids attacking stink bugs throughout the 
western Palearctic and have made significant progress in advancing the species- 
level taxonomy of Telenominae (Matsuo et al. 2014; Talamas et al. 2015, 2017; 
Tortorici et al. 2019; Moraglio et al. 2021a). 
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Trissolcus japonicus (Ashmead) and. Tr. mitsukurii (Ashmead) (Hymenoptera, Scelio- 
nidae) have been shown in Europe to be the most promising BCAs of H. Aalys in terms 
of habitat suitability (Yonow et al. 2021; Tortorici et al. 2023), exploitation efficiency, 
and parasitoid impact (Giovannini et al. 2022). These species were quickly recognized 
because the Palearctic fauna of Trissolcus has been well-characterized using morphology, 
molecular data, and mating experiments to resolve cryptic species (Talamas et al. 2017; 
Tortorici et al. 2019; Ranjbar et al. 2021). However, the same is not true for 7elenomus, 
despite that some species are widespread and are known to attack stink bug eggs. 

In Europe, some authors have reported Te. chloropus (Thomson) from their surveys 
(Haye et al. 2015; Roversi et al. 2017) and numerous studies of biological attrib- 
utes have also used this name (Orr et al. 1985a, b; Orr 1988; Bulezza 1996; Acikgoz 
and Géziiacgik 2021), but most Télenomus species reared from large-scale surveys of 
stink bug egg parasitism have been indicated as “Télenomus spp.” (Abram et al. 2017; 
Moraglio et al. 2020; Bout et al. 2021; Rot et al. 2021; Zapponi et al. 2021; Ozdemir 
et al. 2022; Ricupero et al. 2022). This reflects the challenge of species-level identifica- 
tion for Zélenomus and clearly points to the need for better diagnostic tools. Here, we 
make progress in meeting this need by providing taxonomic treatments of two Palearc- 
tic species in the 7e. podisi group, Te. truncatus (Nees von Esenbeck) and Te. turesis 
Walker, which attack stink bugs in the families Pentatomidae and Scutelleridae (Javah- 
ery 1968; Voegelé 1969; Kozlov and Kononova 1983; Johnson 1984b; Graham 1988a) 
and an overview of Yélenomus species found to parasitize eggs of pentatomids and 
scutellerids in Europe. Telenomus gifuensis Ashmead has been reported as a parasitoid 
of pentatomids in the eastern Palearctic region. To our knowledge, this species has not 
been reported from the western Palearctic, but we included it in our identification key 
because the limits of its distribution are not known and there may be regions where it 
overlaps with the distributions of Te. truncatus and Te. turesis. 

Our work includes examination of historical type specimens, some of which are 
nearly 200 years old, which is essential for resolving long-standing ambiguity. An up- 
dated morphological diagnosis section provides previously unexplored or unused char- 
acter systems, and we provide simplified descriptions that focus on diagnostic charac- 
ters. As other Old-World species of the Te. podisi group are treated taxonomically, these 
descriptions are likely to expand to include characters used for the species group more 
broadly. We complement our analysis with molecular data that is helpful for establishing 
which characters are prone to interspecific variation and which are diagnostically sta- 
ble. For the analyzed species, we provide host associations and biological observations. 


Synopsis of Palearctic species in the Te. podisi group 


The earliest species, described by Nees von Esenbeck (1834), were Zé. truncatusand Te. linnei, 
originally placed in the genus 7é/eas Latreille. Shortly thereafter, Te. turesis was described by 
Walker (1836). Thomson (1861) described Te. chloropus (as Phanurus). Mayr described 
Te. heydeni (1879) and Te. sokolowi (1897). Mayr (1879) considered Teéleas Zetterstedtii 


Ratzeburg to be conspecific with Te. truncatus based on a non-type specimen that was 
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identified by Ratzeburg and was reported to emerge from eggs of Calliteara pudibunda 
Linnaeus (Lepidoptera, Erebidae). Ashmead described Te. gifuensis (1904) followed by 
Nixons species, 7. tischleri (1939). Kozlov (1963) considered Te. mayri Sokolov a junior 
synonym of Te. sokolowi Mayr and, subsequently, the same author (1967) considered 
Te. sokolowi, Te. gifuensis and Te. tischleri to be conspecific with Te. chloropus. Javahery (1968) 
provided the most detailed descriptions of Te. sokolowi and Te. truncatus. Graham (1988a) 
designated the lectotype of the latter species. Johnson (1984b) analyzed primary types and 
considered Te. gifuensis to be a valid species and removed its synonymy. Mineo (2010) 
treated 7é. chloropus and Te. turesis as conspecific, with Walker's species name having priority. 


Materials and methods 


Reared specimens 


Telenomus specimens were reared from naturally laid egg masses (Pentatomidae and Scutel- 
leridae) collected in different sites in Piedmont, Italy, from 2019 to 2022 during surveys 
to investigate the egg parasitoid populations of native and exotic bugs. Each egg mass was 
isolated in a plastic Petri dish (6 cm diameter) and reared in a climate-controlled chamber 
at 24+ 1°C,65 +4 5% rh., and L16:D8 photoperiod. All egg masses were examined under 
a stereomicroscope and identified to the species or family level according to Derjanschi and 
Péricart (2005), Péricart (2010), Ribes and Pagola-Carte (2013). The eggs were visually 
inspected daily and emerging bug nymphs or parasitoid adults were examined. Parasitoids 
were stored in 99% ethanol until species identification, as described below. Additional spec- 
imens of Télenomus were collected on November 26, 2022, in Liguria, Italy, hidden in leaf 
mines of Phyllonorycter viburni (Kumata) (Lepidoptera, Gracillariidae). 

Telenomus specimens were also reared from egg masses of Palomena prasina (Lin- 
naeus) (Hemiptera, Pentatomidae) or collected by sweeping in their natural habitats in 
Moscow Province, Russia, in 2016 for a cytogenetic study (Gokhman and Timokhov 
2020). Each egg mass was isolated in plastic tubes (5 cm*) and reared in a thermostatic 
chamber at 24 + 1 °C. Female parasitoids (both Te. truncatus and Te. turesis) were then 
individually transferred to egg masses of a lab host, Graphosoma lineatum Linnaeus 
(Hemiptera, Pentatomidae), for oviposition. To obtain a proper immature stage of 
wasps for the cytogenetic study, parasitized host eggs were incubated under thermo- 
static conditions for a few days (Gokhman and Timokhov 2020). 


Morphological analysis 


A Wild M5 steromicroscope with 15x oculars and a spotlight were used for biom- 
etric diagnosis. Slides were mounted with Eukitt mounting medium (Merck Life 
Science, Milan, Italy) and examined under a Leitz Dialux 20 EB compound micro- 
scope. Male genitalia were prepared by following the protocol of Polaszek and Kimani 
(1990). Terminology for surface sculpture and morphological terminology follows 
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Harris (1979), Johnson (1984b), Miké6 et al. (2007), and Talamas et al. (2017). The 
morphological identification was performed independently from keys and once the 
morphometric analysis of characters was complete and confirmed by molecular analy- 
sis, species names were assigned by comparison to primary types. 


Imaging 


Images of primary type specimens were taken with a Macropod imaging system using 
10x and 20x Mitutoyo objective lenses (Mitutoyo Corporation, Kawasaki, Japan) and 
rendered with Helicon Focus (HeliconSoft Limit., Kharkiv, Ukraine). Photographs of 
non-type specimens were taken using a Canon 90D camera (Canon Inc., Tokyo, Japan) 
equipped with an extension tube; 5x, 10x, 20x, and 50x LWD microscope lenses mount- 
ed ona macro-rail and illuminated with two speedlight flashes. The frames were merged 
with Zerene Stacker (PMax algorithm, Zerene Systems LLC, Richland, WA, USA). 

The ultrastructures of non-type specimens were examined under a Jeol JSM-6380 
scanning electron microscope (SEM) after critical point drying (Hitachi HCP-2) of 
the specimens and sputter coating with gold (Giko JSM-6380). 


Molecular analysis 


DNA extraction, amplification, and sequencing were performed at multiple institu- 
tions. At the Florida State Collection of Arthropods (FSCA) and the European Bio- 
logical Control Laboratory (EBCL), this was performed as in Talamas et al. (2021). 
Cytochrome Oxidase subunit I (CO/) sequences from French specimens (INRAE 
UMR ISA) were obtained as in Bout et al. (2021). At the Dipartimento di Scienze 
Agrarie, Forestali e Alimentari laboratory (DISAFA) of the University of Torino, a 
non-destructive Chelex DNA extraction method was performed and adapted accord- 
ing to Kaartinen et al. (2010). DNA was extracted from insects by dipping samples 
in 50 ul of 5% Chelex with 5 pl of 20 mg/ml proteinase K at 37 °C for at least 18 
h. The specimens were boiled at 95 °C for 5 min to inactivate proteinase K and 
then used as templates for PCR. The insects were then removed from the Chelex, 
washed in 70% ethanol and later mounted on card points. The barcode region of 
the mitochondrial CO/ was amplified using the universal Folmer primer LCO1490 
(5°-GGTCAACAAATCATAAAGATATTGG-3’) (Folmer et al. 1994) and the primer 
HCOout (5’-CCAGGTAAAAT TAAAATATAAACTTC-3’) (Carpenter 1999). PCR 
amplifications were performed on a C1000 Touch™ Thermal Cycler (Bio-Rad, CA, 
USA) in 25 pl volume containing: 2.5 ul of 10 X Buffer and 10 mM dNTPs, 1.25 
ul of MgCL, 0.3 pl of Taq Polymerase, 0.1 pl of 100 uM forward and reverse primer, 
16.25 ul of sterile water, and 2 yl of DNA template. Thermocycling conditions were: 
95 °C for 15 min, followed by 34 cycles of 95 °C for 30 s, 50 °C for 45 s, and 72 °C 
for 1 min. After a final extension at 72 °C for 5 min, reactions were held at 4 °C. For 
the nested PCR, 2 ul of the first PCR was used a template using the reverse prim- 
er HCO2189 (5’-TAAACTTCAGGGTGACCAAAAAATCA-3’) and the forward 
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primer LCO1490, using the same PCR cycling program described above. The frag- 
ment size at the end of nested PCR was 700 bp. PCR products were examined by elec- 
trophoresis on a 1% agarose gel. Positive samples were purified using a commercial 
kit (QIAquick PCR Purification Kit, Qiagen, Hilden, Germany), and sequenced by a 
commercial service (Eurofins Genomics, Germany). 

The sequences were compared with the GenBank database using the Basic Local 
Alignment Search Tool (http://www.ncbi.nlm.nih.gov/BLASTn). All sequences ob- 
tained from this study are deposited in GenBank or BOLD (Ratnasingham and He- 
bert 2007), and all residual DNAs are achieved at DISAFA, FSCA, INRAE UMR ISA 
or EBCL. Sequences were used to query GenBank (Altschul et al. 1990) and BOLD 
for similar sequences, which were downloaded from both databases. The CO/ barcodes 
of Trissolcus belenus (Walker) (MN603806) and of 77. semistriatus (Nees von Esenbeck) 
(MN603800) (Tortorici et al. 2019) were selected as outgroups for the Maximum 
Likelihood analysis. All sequences were aligned using MUSCLE with default setting 
as implemented in MegaX (Kumar et al. 2018), and a phylogenetic tree was created 
by using the Maximum Likelihood method and Tamura-Nei model (Tamura and Nei 
1993). Initial tree(s) for the heuristic search were obtained automatically by applying 
Neighbor-Joining and BioNJ algorithms to a matrix of pairwise distances estimated 
using the Tamura-Nei model, and then selecting the topology with superior log likeli- 
hood value. The resulting phylogenetic tree was exported and redrawn in the Interac- 
tive Tree of Life ((TOL) v5 (Letunic and Bork 2021). 

Geographic records of specimens used for molecular and morphological analysis 
were retrieved from GPS latitude and longitude coordinates and from available data 
on the GenBank and BOLD dataset as obtained above. A distribution map was created 
using QGIS.org (2023). 


Collections 


DISAFA Dipartimento di Scienze Agrarie, Forestali e Alimentari, University of 
Torino, Torino, Italy 

FSCA Florida State Collection of Arthropods, Gainesville, United States 

INRAE INRAE UMR Institut Sophia Agrobiotech, Sophia-Antipolis, France 

MZLU Lund Museum of Zoology, Lund University, Lund, Sweden 

NHMW Naturhistorisches Museum Wien, Vienna, Austria 

NMINH _ National Museum of Ireland - Natural History, Dublin, Ireland 

OUMNH = Oxford University Museum of Natural History, Oxford, United Kingdom 

ZIN Zoological Institute, St. Petersburg, Russia 

ZMMU Zoological Museum, Lomonosov Moscow State University, Moscow, Russia 


The data for the examined specimens were uploaded onto the BOLD platform 
(www.barcodinglife.org), and the list of material examined was generated as a supple- 
mentary spreadsheet file (Suppl. material 4). 
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Results and discussion 


Taxonomy 


Two species were detected in our surveys, Zé. truncatus and Te. turesis, which we iden- 
tified by comparison to type material (Table 1). Doganlar (2001) simply described 
morphological characters of Te. chloropus. According to Kozlov and Kononova (1983), 
the sculpture of the posterior margin of mesoscutum was not clear, and this character 
is considerably variable in the specimens examined by us. The color of the femora 
weakly matches with the types of both species, but this is difficult to assess because 
the types are very old. The description of the shape of A2—A4 of males of both species 
corresponds with our opinion. The most accurate description for the two species was 


made by Javahery (1968). 


Table |. Links to images of primary type specimens. 


Images of primary type Original combination Valid name 
https://zenodo.org/record/7846207 Teleas truncatus Telenomus truncatus 
Nees von Esenbeck (Nees von Esenbeck) 
https://zenodo.org/record/7622511 Teleas Linnei Nees von Esenbeck Telenomus truncatus 
(Nees von Esenbeck) 
https://zenodo.org/record/7846277 Telenomus Turesis Walker Telenomus turesis Walker 
https://www.flickr.com/photos/127240649@ Phanurus chloropus Thomson Telenomus turesis Walker 
N08/50121706058/in/photostream/ 
https://zenodo.org/record/7442921 Telenomus heydeni Mayr Telenomus truncatus 
(Nees von Esenbeck) 
https://zenodo.org/record/7443068 Telenomus Sokolowi Mayr Telenomus turesis Walker 


According to Graham (1988a), the most detailed description of Te. chloropus 
was provided by Johnson (1984). Graham, referring to the postocellar furrows be- 
hind the lateral ocelli, reported by Johnson (1984), wrote that there are at least two 
“European forms” of this character: the form, described as Te. sokolovi by Javahery 
(1968) with short, weak postocellar furrows extending inward behind the lateral 
ocelli, and the form erroneously described as Te. truncatus Nees by Javahery (1968) 
with long, marked postocellar furrows extending inward behind the lateral ocelli. 
Graham associated the character of eyes densely covered with moderately long hairs 
and eyes sparsely covered with short hairs, with the two forms, respectively. The 
two forms described by Graham concur respectively with our concepts of Te. turesis 
and Te. truncatus. 

The present study reports a similar composition of hosts for Te. truncatus and 
Te. turesis as reported by previous authors (Javahery 1968; Kozlov 1968; Samin et 
al. 2010) but with some new records (Table 2). Some other dubious records from 
Coleoptera eggs are reported for both species (Kieffer 1926; Samin et al. 2010). 
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Table 2. Host associations. “X” indicates an association recorded during the present study. 


Stink bugs species Telenomus turesis Te. truncatus 
Pentatomidae Acrosternum sp. Xx 
Aelia acuminata (L.) (Kozlov 1968) 
Aelia furcula Fieber (Kozlov 1968) 
Aelia rostrata Boheman (Kozlov 1968), X 
Arma custos (F) x 
Carpocoris sp. xX X 
Carpocoris fuscispinus (Boheman) (Kozlov 1968) 
Dolycoris baccarum (L.) (Kozlov 1968; Samin et al. 2010), X xX 
Graphosoma lineatum (L.) (Kozlov 1968) x 
Halyomorpha halys (Stal) Xx X 
Holcostethus strictus (F.) x 
Palomena prasina (L.) (Kozlov 1968), X (Kozlov 1968), X 
Palomena viridissima (Poda) (Kozlov 1968) (Kozlov 1968) 
Picromerus bidens (L.) (Javahery 1968) (Javahery 1968) 
Piezodorus lituratus (F.) (Javahery 1968), X (Javahery 1968), X 
Rhaphigaster nebulosa (Poda) (Kozlov 1968), X 
Scutelleridae  Eurygaster austriaca (Schrank) (Kozlov 1968) 
Eurygaster integriceps Puton (Javahery 1968; Kozlov 1968; (Javahery 1968) 
Samin et al. 2010) 
Eurygaster maura (L.) (Kozlov 1968), X 
Eurygaster testudinaria (Geoffroy) (Samin et al. 2010) 
Diagnosis 


We identified specimens of Te. truncatus and Te. turesis based on characters in the fol- 
lowing species treatments: 


Telenomus truncatus (Nees von Esenbeck) 


Figs 1-4, 8A, C, E, 9A, C, E 


Teleas truncatus Nees von Esenbeck, 1834: 289 (original description); Graham 1988b: 
28 (type information); Graham 1988a: 86 (lectotype designation). 

Teleas Linnei Nees von Esenbeck, 1834: 288 (original description); Mayr 1879: 707 
(synonym of Telenomus truncatus (Nees von Esenbeck)); Graham 1988b: 28 (type 
information); Johnson 1992: 617 (type information). 

Teleas Zetterstedtii Ratzeburg 1844: 185 (original description); Mayr 1879: 707 (syno- 
nym of Zelenomus truncatus (Nees von Esenbeck)). 

Telenomus truncatus (Nees von Esenbeck): Mayr 1879: 700, 702, 707 (description, generic 
transfer, synonymy, keyed); Kieffer 1926: 25, 26, 31(description, keyed); Javahery 
1968: 431 (description, keyed); Szabé 1978: 219, 222 (description, neotype designa- 
tion, keyed); Johnson 1984b: 41 (taxonomic status, neotype information); Johnson 
1992: 617 (cataloged, type information); Mineo 2012: 61 (placed in turesis group). 

Telenomus Heydeni Mayr, 1879: 702, 706 (original description, keyed). syn. nov. 
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Telenomus Giraudi Kieffer, 1906: 163 (original description). 

Prophanurus Giraudi Kieffer: Kieffer 1912: 46, 58 (description, generic transfer). 

Prophanurus Heydeni (Mayr): Kieffer 1912: 59 (description, generic transfer). 

Prophanurus Truncatus (Nees von Esenbeck): Kieffer 1912: 47, 58 (description, 
generic transfer). 

Telenomus giraudi Kieffer: Kieffer 1926: 25, 26, 31 (description, keyed); Szabé 1978: 
221 (junior synonym of Telenomus heydeni Mayr). 

Telenomus heydeni Mayr: Kieffer 1926: 26, 36 (description, keyed); Kozlov 1967: 360, 
364, 372 (description, lectotype designation); Kozlov 1968: 216 (description, 
keyed); Voegelé 1969: 148 (keyed); Mineo 1977: 84 (description of preimaginal 
stages); Kozlov 1978: 638, 644 (keyed); Szabé 1978: 219, 221 (description, lecto- 
type designation, keyed); Johnson 1992: 591 (cataloged, type information); Petrov 
1994: 276 (keyed); Mineo 2012: 61 (placed in turesis group); Timokhov 2019: 55 
(cataloged); Gokhman and Timokhov 2020: 216 (karyotype). 

Telenomus (Telenomus) heydeni Mayr: Kozlov and Kononova 1983: 140, 164 (descrip- 
tion, subgeneric assignment, keyed); Kononova 2014: 141, 144 (description, keyed). 

Teleas linnei Nees von Esenbeck: Graham 1988a: 88 (lectotype designation). 


a eh WEL 
Figure |. Zélenomus truncatus. Female lectotype (OXUM 0011): head in frontal view (A); habitus in 
lateral view (B); habitus in dorsal view (C). Scale bars: 0.5 mm. 
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Figure 2. 7élenomus truncatus. Female (DISAFA-FT HYM-0519): head in frontal view (A); head in 


dorso-lateral view (B); habitus in dorsal view (C); habitus in lateral view (D). Scale bars: 0.2 mm. 


Diagnostic characters. Female. Head: compound eye with sparse and short setation 
throughout (Figs 1A, 2B, 3B, 4A, 8C); vertex shallowly and evenly granulate (Figs 1C, 
2B, 3B, 4A, 8C); occipital carina complete (Fig. 8A); hyperoccipital carina present di- 
rectly behind the lateral ocellus, carina sharp and well defined, sculpture smooth along 
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Figure 3. 7éelenomus truncatus. Female (DISAFA-FT HYM-0650): fore and hind wings (A). Male (DIS- 
AFA-FT HYM-0516): head in frontal view (B); antenna (C); genitalia (D). Scale bars: 0.2 mm. 


posterior margin of carina (Fig. 8C); outer orbital furrow wide (2—2.5 times as wide 
as an ommatidium) (Fig. 8C); clypeal sensillum present above the line connecting the 
medial and lateral clypeal setae (Fig. 8E). 

Mesosoma: mesoscutal humeral sulcus (mshs) present as a smooth furrow 
(Figs 1B, 2D, 9A); metapleural carina in antero-dorsal area of metapleuron (pdms, be- 
tween metapleural arm and propodeal spiracle) complete, distinct and strong (Fig. 9A); 
surface of the furrow between metanotal trough and metascutellar arm (msn) usually 
crenulate (Fig. 9A); mesoscutum longitudinally strigose posteriorly (Fig. 9C); median 
mesoscutal sulcus present in largest specimens, barely visible in smaller ones. Fore wing 
postmarginal (pm) and stigmal (st) veins length ratio: pm:st = 1.9:1 (n=20) (Fig. 3A). 
Hind femora dark brown with yellowish tips (Fig. 2C, D). 

Metasoma: first metasomal tergite with one or rarely two pairs of sublateral setae 
(ss) (Rigs: 1C.2C, 9B). 

Male. Head: antennal length ratio A3:A2 = 1.2:1 (n=20), antennomeres AG—A1 1 
bead-like, subequal (Fig. 3C). Genitalia: basal ring ratio: Length: Width = 6:5; mini- 
mum distance between inner margin of laminae volsellares: narrow (laminae volsellares 
lyre-shaped); external margin of penis valve more intensely sclerotized curved and dis- 
tally converging (Fig. 3D). Hind femora yellow to pale brown. Other morphological 
characters as in female. 

From the analysis of the lectotype of Te. heydeni (NHMW-HYM#0005387), the 
combination of morphological characters (Fig. 4) coincides with the characters of the 
lectotype of Te. truncatus (OXUM 0011), and the length ratio between the A3 and 
A2 antennomeres (Fig. 4A) matches with that of the male of Te. truncatus (Fig. 3C). 
Therefore, Ze. heydeni is here considered a junior synonym of Te. truncatus. 
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Figure 4. Zelenomus heydeni. Male \ectotype (NHMW-HYM#0005387): head in frontal view (A); 


habitus in lateral view (B); habitus in dorso-lateral view (C). Scale bars: 0.5 mm. 


Biological information. Host species associated: Table 2. The specimen DISAFA- 
FT HYM-0657 - 0Q466097 was found overwintering in November in Viburnum leaf 
mines created by P viburni; the specimens AVT001908 and AVT001909 were found 
already dead in egg-mass of Lymantria monacha (Linnaeus) (Lepidoptera, Erebidae), 
presumably after wintering. 

DNA barcoding. Barcode sequences were obtained from 49 specimens of Te. trun- 
catus. Pairwise distance values within species are shown in Suppl. material 3. The ge- 
netic distances between the insects identified as the same species were between 0.000 
and 0.074 (mean 0.013 +/- 0.003). The analysis of COJ sequences discovered that 
Te. truncatus includes the specimen OL631282, previously identified as Telenomus sp. 
(Ricupero et al., 2022) (Suppl. material 1). 

Distribution. Suppl. material 2 

Material examined. Suppl. material 4. 
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Telenomus turesis Walker 


Figs5—75, 0B); 9B DoF 


Telenomus Turesis Walker, 1836: 353 (original description). 

Phanurus chloropus Thomson, 1861: 173 (original description). 

Telenomus turesis Walker: Mayr 1879: 699, 705 (description, keyed). Fergusson 1984: 232 
(lectotype designation); Mineo et al. 2010: 116 (synonymy, type information, new 
distribution record for Ireland); Johnson 1992: 617 (cataloged, type information); 
Timokhov 2019: 55 (cataloged); Gokhman and Timokhov 2020: 216 (karyotype). 

Telenomus Sokolowi Mayr, 1897: 442 (original description); Johnson 1992: 579 (type 
information). 

Telenomus Mayri Sokolov, 1904: 29 (original description). 

Aphanurus Turesis (Walker): Kieffer 1912: 75 (description, generic transfer). 

Prophanurus Sokolowi (Mayr): Kieffer 1912: 53, 60 (description, generic transfer) 

Microphanurus turesis (Walker): Kieffer 1926: 92, 98 (description, generic transfer, keyed). 

Telenomus chloropus (Thomson): Kieffer 1926: 25, 29 (description, keyed); Kozlov 
1967: 361, 364, 371 (lectotype designation, keyed); Kozlov 1968: 216, 217 (de- 
scription, keyed); Boldaruyev 1969: 161, 170 (description, keyed); Voegelé 1969: 
148 (keyed); Kozlov 1978: 638, 643 (keyed); Johnson 1984b: 39, 65 (description, 
keyed); Graham 1988a: 86 (taxonomic status); Johnson 1992: 579 (cataloged, 
type information); Petrov 1994: 276 (keyed); Doganlar 2001: 112 (description); 
O’Connor and Mineo 2009: 106 (distribution); Mineo et al. 2010: 116 (junior 
synonym of Telenomus turesis Walker, possible type information). 

Telenomus sokolowi Mayr: Kieffer 1926: 25, 26, 34 (description, keyed). 

Telenomus tischleri Nixon, 1939: 129 (original description); Kozlov 1967: 364 (junior 
synonym of Telenomus chloropus (Thomson)); Johnson 1992: 580 (type information). 

Telenomus sokolovi Mayr: Meier 1940: 79, 80 (description, keyed); Rjachovskij 1959: 
82 (keyed); Kozlov 1963: 295 (synonymy); Viktorov 1967: 91 (keyed); Kozlov 
1967: 361, 364 (lectotype designation, junior synonym of Telenomus chloropus 
(Thomson)); Javahery 1968: 431, 434 (description, keyed). 

Telenomus mayri Sokolov: Kozlov 1963: 295, 296 (junior synonoym of Telenomus 
sokolovi Mayr). 

Trissolcus turesis (Walker): Fergusson 1978: 120 (generic transfer). 

Telenomus ( Telenomus) chloropus (Thomson): Kozlov and Kononova 1983: 140, 161 (keyed, 
description, subgeneric assignment); Kononova 1995: 100 (keyed); Kononova and 
Proshchalykin 2012: 135 (cataloged); Kononova 2014: 141, 142 (description, keyed). 


Diagnostic characters. Female. Head: dense setation on compound eyes (Figs 6A, 
7B, 8D); granulate sculpture on the vertex (Figs 5C, 6B, 8D); occipital carina incom- 
plete (Fig. 8B); hyperoccipital carina directly behind the lateral ocelli weakly indicated 
(almost absent in smaller specimens) (Figs 5C, 6B, 8D); outer orbital furrow narrow, 
(1-1.5 times as wide as an ommatidium) (Fig. 8D); clypeal sensillum present below 
the line connecting the medial and lateral clypeal setae (Fig. 8F). 


604 Francesco Tortorici et al. / Journal of Hymenoptera Research 97: 591-620 (2024) 


A 


Figure 5. Zélenomus turesis. Female lectotype (NMINH:2018:11:54): head in latero-frontal view (A); 


habitus in dorso-lateral view (B); habitus in dorsal view (C). Scale bars: 0.2 mm. 


Mesosoma: mesoscutal humeral sulcus (mshs) indicated by cells (Figs 6B, 9B); 
metapleural carinain antero-dorsal area of metapleuron (pdms, between metapleural 
arm and propodeal spiracle) incomplete, irregular (Fig. 9B); surface of the furrow be- 
tween metanotal trough and metascutellar arm (mns) smooth (Fig. 9B); macrosculp- 
ture of mesoscutum imbricate (Fig. 9D). Fore wing postmarginal (pm) and stigmal (st) 
veins length ratio: pm:st = 1.9:1 (n=20) (Fig. 7A). Hind femora yellow to pale brown 
(Figs 5C, 6D). 

Metasoma: first metasomal tergite with one or rarely two pairs of sublateral setae 
(ss) (Figs 6C, D, 9F). 

Male. Antennal length ratio A3:A2 = 2:1 (n=20), antennomeres AG—A1 1 elongate, 
uniform in length (Fig. 7C). Genitalia: basal ring (BS) ratio: Length: Width = 7:4; 
minimum distance between inner margin of laminae volsellares (LV): wide; external 
margin of penis valve (PV) more intensely sclerotized and parallel rods (Fig. 7D). 
Other morphological characters as in female. 

Biological information. Host species associated: Table 2. Three specimens (DIS- 
AFA-FT HYM-0667, HYM-0666 - OQ466110, and HYM-0662 - OQ466105) were 


found overwintering in November in the mines of P viburni in Viburnum leaves. 


Telenomus species parasitizing stink bugs in the Palearctic region 605 


hes 
= 


eer. = 
BPI 


= 


Figure 6. 7élenomus turesis. Female (DISAFA-FT HYM-0536): head in frontal view (A); head in dorso- 
lateral view (B); habitus in dorsal view (C); habitus in lateral view (D). Scale bars: 0.2 mm. 


DNA barcoding. Barcode sequences were obtained from 46 specimens of Te. ture- 
sis. Pairwise distance values within species are shown in Suppl. material 3. The genetic 
distances between the insects identified as the same species were between 0.000 and 
0.096 (mean 0.015 +/- 0.004). 

The analysis of CO/ sequences discovered that 7e. turesis includes samples KY843528 
(Ashfaq et al. 2022); the specimens BIOUG55155-D12, BIOUG16220-G06, 
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Figure 7. Zélenomus turesis. Female (DISAFA-FT HYM-0625): fore and hind wings (A). Male (DISA- 
FA-FT HYM-0532): head in frontal view (B); antenna (C); genitalia (D). Scale bars: 0.2 mm. 


BIOUGI15112-C08, BIOUG36831-G01, BIOUG27850-E03, and KF303516 
(Gariepy et al. 2014a), previously identified as Te. chloropus, and the sample OK562072 
(Ozdemir et al. 2022) (Suppl. material 1). 

Distribution. Suppl. material 2. 

Material examined. Suppl. material 4. 


Telenomus gifuensis Ashmead 
Fig. LA—C 


Diagnosis. The distance between the inner margin of the compound eyes is smaller 
than the width of the compound eyes in frontal view (Fig. 10A), and the presence 
of two sublateral setae on the first tergite (Fig. 10B) separate this species from Te. 
truncatus (figs 1-45), and Te. turesis (Figs 5-7). In addition, Te. gifuensis can be 
distinguished from Te. turesis by the presence of a median mesoscutal line (mml) 
on the posterior margin of the mesoscutum (Fig. 10C). Mahmoud and Lim (2008) 
reported this species as a solitary parasitoid of D. baccarum, Piezodorus hybneri 
(Gmelin), Riptortus clavatus (Thunberg), and Nezara antennata Scott. We also add 
Piezodorus rubrofasciatus (Fabricius) to the list of species as a new associated host 
(specimen AVT002233). Apart from this last record from Korea and the original 
description from Japan (Ashmead 1904), there are no further reports outside of 
the eastern Palearctic region. 
Material examined. Suppl. material 4. 
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A 


Figure 8. Head in posterior view: Telenomus truncatus (A) and Te. turesis (B); head in dorso-lateral view: 
Te. truncatus (C) and Te. turesis (D); clypeus: Te. truncatus (E) and Te. turesis (F). Scale bars: 0.1 mm. 


Key to species 


1 Metasomal tergite 1 with two pairs of sublateral setae (Fig. 10B); frons narrow, 
minimum distance between inner margin of compound eyes less than eye width 
inatrontalevicwaGhig LOA. ..cdevestaseusseaseeinesivel sc Telenomus gifuensis Ashmead 

= Metasomal tergite 1 with one pair of sublateral setae (Fig. 9E, F); frons wide, 
minimum distance between inner margin of compound eyes more than eye 


WidtinerontalwiewlUhies- 220-5 DAO AB) iit. Ace ecarspndiccoiMis sancaeeaeeauh 2 
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5) Compound eyes with sparse, short setation throughout (Figs 1A, 2B, 3B, 4A, 
8C); hyperoccipital carina present directly posterior to the lateral ocellus; hyperoc- 
cipital carina sharp and smooth anteriorly, and sculpture on the surface behind 
the vertex smooth (Figs 2B, 8C); median and posterior femora dark brown with 
yellowish tips (Fig. 2D)... eee Telenomus truncatus (Nees von Esenbeck) 

a Compound eyes with dense setation throughout (Figs GA, 7B, 8D); hyperoccipital 
carina present directly posterior to the lateral ocellus but weakly sharp, and sculpture 
on the surface behind the vertex imbricate (Figs 5C, 6B, 8D); median and posterior 
femora yellow to pale brown (Figs 5C, 6D)... eee Telenomus turesis Walker 

4 Compound eyes with sparse and short setation throughout (Fig. 4B); antennal 
length ratio A3:A2 = 1.2:1 (Fig. 3C)... Telenomus truncatus (Nees von Esenbeck) 

— Compound eyes with dense setation throughout (Fig. 7B); antennal length ratio 
Vn Woe a sabe Fr il O11 ra A Gay ee oe nT Re oe RE Telenomus turesis Walker 


Molecular analysis 


The analysis involved 105 nucleotide sequences. All positions with less than 95% site 
coverage were eliminated, i.e., fewer than 5% alignment gaps, missing data, and am- 
biguous bases were allowed at any position (partial deletion option). There was a total 
of 492 positions in the final dataset. Barcode sequences were obtained from 95 Teéleno- 
mus specimens (Suppl. material 1) from the Palearctic Region. They were compared 
with eight sequences of specimens from the Nearctic Region identified as Te. cristatus 
Johnson (n: 4), Te. persimilis Ashmead (n: 3), and Te. sanctivincenti Ashmead (n: 1). 
The mean pairwise distances between the samples identified as the same species were 
much lower than those observed between the samples identified as different species 
(Suppl. material 3), as expected. The average of the pairwise evolutionary divergence 
(ED) between Palearctic and Nearctic Téelenomus is 0.418 +/- 0.6671 (respectively, n: 
95 and n: 8, 1000 replicates). The ED average in the two Palearctic species is 0.431 
+/- 1.106 (Te. truncatus n: 49 and Te. turesis n: 46, 1000 replicates). The Blast search 
showed that the sequences of Te. truncatus have a 99.67% sequence identity with the 
GenBank sequence from Télenomus sp. (accession no. OL631282). The sequences 
from Te. turesis showed a 99.58% identity with a Te. turesis GenBank sequence (ac- 
cession no. KY843528), a 99.38% identity with the GenBank and BOLD sequences 
from Te. chloropus (accession no. KF303516, BIOUG55155-D12, BIOUG16220- 
G06, BIOUG15112-C08, BIOUG36831-G01, BIOUG27850-E03), and a 99.84% 
identity with a Te. turesis GenBank sequence (accession no. OK562072). The ED aver- 
age between sequences is 0.013 +/- 0.0028 (n. 49, 1000 replicates) within Te. truncatus 
and 0.241 +/- 0.0015 (n: 46, 1000 replicates) within 7e. turesis (Suppl. material 3). 
The presence of different haplotypes in each species (Suppl. material 1) suggests that it 
may be necessary to sequence multiple molecular markers to investigate the different 
clades for both species. 
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Figure 9. Thorax in dorso-lateral view: Telenomus truncatus (A) and Te. turesis (B); thorax in dorsal view: 


Te. truncatus (C) and Te. turesis (D); abdomen in dorsal view (ss: sublateral setae): Te. truncatus (E) and 
Te. turesis (F). Scale bars: 0.1 mm. 


Conclusion 


In recent years, researchers have limited the identification of 7elenomus to genus level 
or grouped all of the specimens, referring only to Te. chloropus when they emerged 
from eggs of pentatomids in western Palearctic region. Despite the setbacks of these 
misidentifications, the taxonomy of Palearctic species of Telenomus associated with 
stink bugs has advanced, and we here provide a more solid foundation for continued 
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Figure 10. Zélenomus gifuensis. Female paralectotype (USNMENT01109267): head in frontal view 
(A); female lectotype (USNMENT01109265): habitus in lateral view (B); female paralectotype (USN- 
MENT01109266): habitus in dorsal view (C). Scale bars: 0.2 mm. 


research. For the first time, the West Palearctic species of the 7é. podisi species group 
associated with the Pentatomidae can be reliably identified, with diagnostic tools based 
on multiple lines of evidence. The logical next test of our species concepts would be 
interbreeding studies, as were performed for cryptic species of the genus Trissolcus 
(Matsuo et al. 2014; Tortorici et al. 2019; Moraglio et al. 2021a). The identification 
of European Telenomus species that attack stink bugs also provides new prospects for 
a detailed study of their biology, which may lead to improved pest management. Fur- 
thermore, identification of the wasps from new localities and hosts will expand the 
distributional and biological knowledge that is available from specimens in collections. 


Acknowledgements 


This study was carried out within the Agritech National Research Center and received 
funding from the European Union Next-GenerationEU (PIANO NAZIONALE DI 
RIPRESA E RESILIENZA (PNRR) — MISSIONE 4 COMPONENTE 2, INVES- 
TIMENTO 1.4 — D.D. 1032 17/06/2022, CN00000022). This manuscript reflects 


Telenomus species parasitizing stink bugs in the Palearctic region 611 


only the authors’ views and opinions; neither the European Union nor the European 
Commission can be considered responsible for them. Elijah Talamas was supported 
by the Florida Department of Agriculture and Consumer Services, Division of Plant 
Industry. Some of the sequence data were produced by Matthew R. Moore, Cheryl 
G. Roberts and Lynn A. Combee at the Molecular Diagnostics Laboratory (FDACS/ 
DPI). We are very thankful to the colleagues from the Interdepartmental Laboratory 
of Electron Microscopy (Faculty of Biology, Lomonosov Moscow State University) for 
the provided facilities and help during electron microscopic studies. 

We are also grateful to Silvia Teresa Moraglio, Paolo Navone, and Sara Scovero for 
collecting specimens used in our analyses. 


References 


Abram PK, Hoelmer KA, Acebes-Doria AL, Andrews H, Beers EH, Bergh JC, Bessin R, Bid- 
dinger D, Botch P, Buffington ML, Cornelius ML, Costi E, Delfosse ES, Dieckhoff C, Dob- 
son R, Donais Z, Grieshop M, Hamilton G, Haye T, Hedstrom C, Herlihy MV, Hoddle 
MS, Hooks CRR, Jentsch PJ, Joshi NK, Kuhar TP, Lara JR, Lee JC, Legrand A, Leskey TC, 
Lowenstein D, Maistrello L, Mathews CR, Milnes JM, Morrison WR, Nielsen AL, Ogburn 
EC, Pickett CH, Poley K, Pote J, Radl J, Shrewsbury PM, ‘Talamas EJ, Tavella L, Walgen- 
bach JF, Waterworth R, Weber DC, Welty C, Wiman NG (2017) Indigenous arthropod 
natural enemies of the invasive brown marmorated stink bug in North America and Europe. 
Journal of Pest Science 90: 1009-1020. https://doi.org/10.1007/s10340-017-089 1-7 

Acikgéz M, Géziiacik C (2021) Studies on egg parasitoid, Trissolcus (Hymenoptera: Scelioni- 
dae) species of sunn pest Eurygaster spp. in cereal planting areas: igdir, agri and van provinc- 
es, Turkey. Tiirkiye Tarimsal Arastirmalar Dergisi 8: 345-351. https://doi.org/10.19159/ 
tutad.998869 

Altschul SE, Gish W, Miller W, Myers EW, Lipman DJ (1990) Basic local alignment search 
tool. Journal of Molecular Biology 215: 403-410. https://doi.org/10.1016/S0022- 
2836(05)80360-2 

Andreadis SS, Gogolashvili NE, Fifis GT, Navrozidis EI, Thomidis T (2021) First Report of 
Native Parasitoids of Halyomorpha halys (Hemiptera: Pentatomidae) in Greece. Insects 12: 
984. https://doi.org/10.3390/insects12110984 

Ashfaq M, Khan AM, Rasool A, Akhtar S, Nazir N, Ahmed N, Manzoor FE, Sones J, Perez 
K, Sarwar G, Khan AA, Akhter M, Saeed S, Sultana R, Tahir HM, Rafi MA, Iftikhar R, 
Naseem MT, Masood M, Tufail M, Kumar S, Afzal S, McKeown J, Samejo AA, Khaliq I, 
D’Souza ML, Mansoor S, Hebert PDN (2022) A DNA barcode survey of insect biodiver- 
sity in Pakistan. Peer] 10: e13267. https://doi.org/10.7717/peerj.13267 

Ashmead WH (1904) Descriptions of new Hymenoptera from Japan — I. Journal of the New 
York Entomological Society 12: 65-84. https://doi.org/10.5281/zenodo.23555 

Bin FE Johnson NF (1982) Potential of Telenominae in biocontrol with egg parasitoids (Hym., 
Scelionidae). Colloques de PINRA (France) 9: 175-287. 

Boldaruyev VO (1969) [Egg parasites of the subfamily Telenominae (Hymenoptera, Scelionidae), 
reared from the eggs of harmful insects]. Trudy Buryatskogo Instituta Estestvennykh Nauk 


612 Francesco Tortorici et al. / Journal of Hymenoptera Research 97: 591-620 (2024) 


Buryatskii Filial Siirskogo Otdeleniya Akademii Nauk SSSR 7: 156-171. https://doi. 
org/10.5281/zenodo.23600 

Bosco L, Moraglio ST, Tavella L (2018) Halyomorpha halys, a serious threat for hazelnut in new- 
ly invaded areas. Journal of Pest Science 91: 661-670. https://doi.org/10.1007/S10340- 
017-0937-X 

Bout A, Tortorici KF Hamidi R, Warot S, Tavella L, Thomas M (2021) First detection of the 
adventive egg parasitoid of Halyomorpha halys (Stal) (Hemiptera: Pentatomidae) Trissolcus 
mitsukurii (Ashmead) (Hymenoptera: Scelionidae) in France. Insects 12: 761. https://doi. 
org/10.3390/insects12090761 

Buleza VV (1996) Interspecific competition between Trissolcus grandis and Telenomus chloropus 
(Hymenoptera, Scelionidae). Zoologicheskii Zhurnal 75: 1174-1181. 

Carpenter JM (1999) Towards simultaneous analysis of morphological and molecular data 
in Hymenoptera. Zoologica Scripta 28: 251-260. https://doi.org/10.1046/j.1463- 
6409.1999.00009.x 

Derjanschi V, Péricart J (2005) 1 Faune de France 90: Hémiptéres Pentatomoidea euro-médi- 
terranéens. Fédération Francaise des sociétés de Sciences Naturelles, Paris, 494 pp. 

Dieckhoff C, Tatman KM, Hoelmer KA (2017) Natural biological control of Halyomorpha 
halys by native egg parasitoids: a multi-year survey in northern Delaware. Journal of Pest 
Science 90: 1143-1158. https://doi.org/10.1007/S10340-017-0868-6 

Doganlar M (2001) Egg parasitoids of Rhaphigaster nebulosa (Poda) (Heteroptera; Pentatomi- 
dae) with description of a new species of Trissolcus Ashmead (Hymenoptera: Scelionidae). 
Turkish Journal of Entomology 25: 109-114. https://www.acarindex.com/pdfs/822874 

Fergusson NDM (1978) Proctotrupoidea and Ceraphonoidea. In: Fitton MG et al. (Eds) A check 
list of British insects by George Sidney Kloct and the late Walter Douglas Hincks, 2"¢ edn. (com- 
pletely revised). Part 4: Handbooks Ident. Brit. Ins. 11(4). 159 pp. Hymenoptera, 110-126. 

Fergusson NDM (1984) The type-specimens and identity of the British species of Trissolcus 
Ashmead (Hym., Proctotrupoidea, Scelionidae). Entomologists Monthly Magazine 120: 
229-232. https://doi.org/10.5281/zenodo.24004 

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R (1994) DNA primers for amplification 
of mitochondrial cytochrome c oxidase subunit I from diverse metazoan invertebrates. 
Molecular Marine Biology and Biotechnology 3: 294-299. 

Gariepy TD, Haye T, Zhang J (2014a) A molecular diagnostic tool for the preliminary assess- 
ment of host-parasitoid associations in biological control programmes for a new invasive 
pest. Molecular Ecology 23: 3912-3924. https://doi.org/10.1111/MEC.12515 

Gariepy TD, Fraser H, Scott-Dupree CD (2014b) Brown marmorated stink bug (Hemiptera: 
Pentatomidae) in Canada: recent establishment, occurrence, and pest status in southern On- 
tario. The Canadian Entomologist 146: 579-582. https://doi.org/10.4039/TCE.2014.4 

Giovannini L, Sabbatini Peverieri G, Marianelli L, Rondoni G, Conti E, Roversi PF (2022) 
Physiological host range of Trissolcus mitsukurii, a candidate biological control agent 
of Halyomorpha halys in Europe. Journal of Pest Science 95: 605-618. https://doi. 
org/10.1007/s10340-021-01415-x 

Gokhman VE, Timokhov AV (2020) Karyotypes of four species of the genus Telenomus 
Haliday, 1833 (Hymenoptera: Scelionidae). Russian Entomological Journal 29: 214—217. 
https://doi.org/10.15298/rusentj.29.2.17 


Telenomus species parasitizing stink bugs in the Palearctic region 613 


Graham MWR de V (1988a) Madeira insects: additions to the list of parasitic Hymenoptera, 
with some comments on problems of conservation. Boletim do Museu Municipal do Fun- 
chal 40: 75-92. https://doi.org/10.5281/zenodo.24128 

Graham MWR de V (1988b) The remains of Nees von Esenbeck’s collection of Hymenop- 
tera in the University Museum, Oxford. Entomologists Monthly Magazine 124: 19-35. 
https://doi.org/10.5281/zenodo.23986 

Harris RA (1979) A glossary of surface sculpturing. Occasional Papers in Entomology, State 
of California Department of Food and Agriculture Division of Plant Industry Laboratory 
Services 28: 1-31. https://doi.org/10.5281/zenodo.26215 

Haye T, Fischer S, Zhang JP, Gariepy TD (2015) Can native egg parasitoids adopt the invasive 
brown marmorated stink bug, Halyomorpha halys (Heteroptera: Pentatomidae), in Europe? 
Journal of Pest Science 88: 693-705. https://doi.org/10.1007/S10340-015-067 1-1 

Holthouse MC, Schumm ZR, Talamas EJ, Spears LR, Alston DG (2020) Surveys in northern 
Utah for egg parasitoids of Halyomorpha halys (Stal) (Hemiptera: Pentatomidae) detect 
Trissolcus japonicus (Ashmead) (Hymenoptera: Scelionidae). Biodiversity Data Journal 8: 
€53363. https://doi.org/10.3897/BDJ.8.E53363 

Japoshvili G, Arabuli T, Salakaia M, Tskaruashvili Z, Kirkitadze G, Talamas E (2022) Sur- 
veys for Halyomorpha halys (Stal) (Hemiptera: Pentatomidae) and its biocontrol potential 
by parasitic wasps in the Republic of Georgia (Sakartvelo). Phytoparasitica 50: 127-137. 
https://doi.org/10.1007/S12600-021-00949-1 

Javahery M (1968) ‘The egg parasite complex of British Pentatomoidea (Hemiptera): Taxonomy 
of Telenominae (Hymenoptera: Scelionidae). Transactions of the Royal Entomological So- 
ciety of London 120: 417-436. https://doi.org/10.1111/j.1365-2311.1968.tb00345.x 

Johnson NF (1981) The New World species of the Télenomus nigricornis group (Hymenop- 
tera: Scelionidae). Annals of the Entomological Society of America: 73-78. https://doi. 
org/10.1093/aesa/74.1.73 

Johnson NF (1984a) Revision of the Nearctic species of the Trissolcus flavipes group (Hymenop- 
tera: Scelionidae). Proceedings of the Entomological Society of Washington 86: 797-807. 
https://doi.org/10.528 1/zenodo.24227 

Johnson NF (1984b) Systematics of Nearctic Telenomus: classification and revisions of the podisi 
and phymatae species groups (Hymenoptera: Scelionidae). Bulletin of the Ohio Biological 
Survey 6: 1-113. https://doi.org/10.528 1/zenodo.23887 

Johnson NF (1987) Systematics of New World Trissolcus, a genus of pentatomid egg-parasites 
(Hymenoptera: Scelionidae): Neotropical species of the flavipes group. Journal of Natural 
History 21: 285-304. https://doi.org/10.1080/00222938700771021 

Johnson NF (1991) Revision of Australasian Trissolcus species (Hymenoptera: Scelionidae). 
Invertebrate Systematics 5: 211-239. https://doi.org/10.1071/IT9910211 

Johnson NF (1992) Catalog of world Proctotrupoidea excluding Platygastridae. Memoirs of 
the American Entomological Institute 51: 1-825. https://doi.org/10.5281/zenodo.23657 

Johnson NE, Bin F (1982) Species of Telenomus (Hym., Scelionidae), parasitoids of stalked 
eges of Neuroptera (Chrysopidae and Berothidae). Redia 65: 189-206. https://doi. 
org/10.5281/zenodo.24019 

Jones AL, Jennings DE, Hooks CRR, Shrewsbury PM (2017) Field surveys of egg mortality 
and indigenous egg parasitoids of the brown marmorated stink bug, Halyomorpha halys, in 


614 Francesco Tortorici et al. / Journal of Hymenoptera Research 97: 591-620 (2024) 


ornamental nurseries in the mid-Atlantic region of the USA. Journal of Pest Science 90: 
1159-1168. https://doi.org/10.1007/S10340-017-0890-8 

Kaartinen R, Stone GN, Hearn J, Lohse K, Roslin T (2010) Revealing secret liaisons: DNA 
barcoding changes our understanding of food webs. Ecological Entomology 35: 623-638. 
https://doi.org/10.1111/J.1365-2311.2010.01224.X 

Kieffer JJ (1906) Description de quelques nouveaux serphides. Bulletin de la Société d’ Histoire 
Naturelle de Metz 25: 1-7. https://doi.org/10.5281/zenodo.23783 

Kieffer JJ (1912) Proctotrypidae (3e partie). Species des Hyménoptéres d’Europe et d’Algérie 
11: 1-160. https://doi.org/10.3406/Isoc.1980.1236 

Kieffer JJ (1926) Scelionidae. Das Tierreich. Walter de Gruytcr & Co., Berlin, 885 pp. 

Kononova SV (1995) [25. Fam. Scelionidae]. In: Lehr PA (Ed.) Key to insects of Russian Far 
East in six volume. vol. 4. Neuropteroidea, Mecoptera, Hymenoptera. Part 2. Hymenop- 
tera, pp. 600. Dal’nauka, Vladivostok, 57-121. 

Kononova SV (2014) [Telenominae of the Palaearctics (Hymenoptera, Scelionidae). Subfamily 
Telenominae]. Naukova Dumka, Kiev, 487 pp. 

Kononova SV, Proshchalykin MYu (2012) Family Scelionidae. In: Annotated catalog of the 
insects of Russian Far East. Vol.1. Hymenoptera, pp. 636. Leley, A.S., Dal’nauka, Vladiv- 
ostok, 131-138. 

Koppel AL, Herbert DA, Kuhar TP, Kamminga K (2009) Survey of stink bug (Hemiptera: Pen- 
tatomidae) egg parasitoids in wheat, soybean, and vegetable crops in Southeast Virginia. 
Environmental Entomology 38: 375-379. https://doi.org/10.1603/022.038.0209 

Kozlov MA (1963) [New synonyms of species of the genus Asolcus Nak., Gryon Hal. and Tel 
enomus Hal. (Hymenoptera, Scelionidae), egg parasites of Eurygaster integriceps Put.]. Zoo- 
logicheskii Zhurnal 42: 294-296. https://doi.org/10.5281/zenodo.23970 

Kozlov MA (1967) Palearctic species of egg parasites of the genus Yelenomus Haliday (Hy- 
menoptera, Scelionidae, Telenominae). Entomologicheskoye Obozreniye 46: 361-378. 
https://doi.org/10.5281/zenodo.23962 

Kozlov MA (1968) Telenomines (Hymenoptera, Scelionidae, Telenominae) of the Caucasus - egg 
parasites of the sunn pest (Eurygaster integriceps Put.) and other grain bugs. Trudy Vsesoyuznogo 
Entomologicheskogo Obshchestva 52: 188-223. https://doi.org/10.5281/zenodo.24000 

Kozlov MA (1978) Superfamily Proctotrupoidea]. In: [Determination of insects of the Euro- 
pean portion of the USSR. Vol. 3, part 2. , 538-664. 

Kozlov MA, Kononova SV (1983) Telenominae of the fauna of the USSR. Nauka, Leningrad, 
336 pp. 

Kumar S, Stecher G, Li M, Knyaz C, Tamura K (2018) MEGA X: Molecular Evolutionary 
Genetics Analysis across Computing Platforms. Molecular Biology and Evolution 35: 
1547-1549. https://doi.org/10.1093/molbev/msy096 

Leskey TC, Nielsen AL (2018) Impact of the invasive brown marmorated stink bug in North 
America and Europe: history, biology, ecology, and management. Annual Review of Ento- 
mology 63: 599-618. https://doi.org/10.1146/ANNUREV-ENTO-020117-043226 

Letunic I, Bork P (2021) Interactive Tree Of Life ({TOL) v5: an online tool for phylogenet- 
ic tree display and annotation. Nucleic Acids Research 49: W293-W296. https://doi. 
org/10.1093/NAR/GKAB301 


Telenomus species parasitizing stink bugs in the Palearctic region 615 


Mahmoud AMA, Lim UT (2008) Host discrimination and interspecific competition of 
Trissolcus nigripedius and Telenomus gifuensis (Hymenoptera: Scelionidae), sympatric parasi- 
toids of Dolycoris baccarum (Heteroptera: Pentatomidae). Biological Control 45: 337-343. 
https://doi.org/10.1016/j.biocontrol.2008.01.019 

Maistrello L, Vaccari G, Caruso S, Costi E, Bortolini $, Macavei L, Foca G, Ulrici A, Bortolotti 
PP, Nannini R, Casoli L, Fornaciari M, Mazzoli GL, Dioli P (2017) Monitoring of the 
invasive Halyomorpha halys, a new key pest of fruit orchards in northern Italy. Journal of 
Pest Science 90: 1231-1244. https://doi.org/10.1007/S10340-017-0896-2 

Matsuo K, Hirose Y, Johnson NF (2014) A taxonomic issue of two species of Trissolcus (Hyme- 
noptera: Platygastridae) parasitic on eggs of the brown-winged green bug, Plautia stali (He- 
miptera: Pentatomidae): resurrection of T’ plautiae, a cryptic species of T’ japonicus. Applied 
Entomology and Zoology 49: 385-394. https://doi.org/10.1007/s13355-014-0260-4 

Mayr G (1879) Ueber die Schlupfwespengattung Zelenomus. Verhandlungen der Zoologisch- 
Botanischen Gesellschaft in Wien 29: 697-714. https://doi.org/ 10.528 1/zenodo.23967 

Mayr G (1897) Telenomus Sokolowi, sp.n. Trudy Russkogo Entomologicheskogo Obshchest- 
va 30: 442-443. https://mbd-db.osu.edu/hol/publications/122e94c4-c8a7-4326-8a5d- 
80c42f9c1894?filters[filter_options] []=bd2b44d7-bbfd-4247-9b30-2227ea68ae4a 

Meier NF (1940) Parasites reared in the USSR in 1938-1939 from eggs of the corn-bug (Eu- 
rygaster integriceps Osch.). Vestnik Zashchita Rastenii 3: 79-82. https://doi.org/10.5281/ 
zenodo.23987 

Meier R, Blaimer BB, Buenaventura E, Hartop E, von Rintelen T, Srivathsan A, Yeo D (2022) 
A re-analysis of the data in Sharkey etal.’s (2021) minimalist revision reveals that BINs do 
not deserve names, but BOLD Systems needs a stronger commitment to open science. 
Cladistics 38: 264-275. https://doi.org/10.1111/CLA.12489 

Miké I, Vilhelmsen L, Johnson NE Masner L, Pénzes Z (2007) Skeletomusculature of Sce- 
lionidae (Hymenoptera: Platygastroidea): head and mesosoma. Zootaxa 1571: 1-78. 
https://doi.org/10.11646/zootaxa.1571.1.1 

Mineo G (1977) Studi morfo-biologici comparativi sugli stadi preimmaginali degli scelionidi 
(Hym. Proctotrupoidea). II. Su alcune specie del genere Gryon Haliday e Telenomus heydeni 
Mayr. Bollettino dell’Istituto di Entomologia Agraria e dell’Osservatorio di Fitopatologia 
di Palermo 10: 81-94. https://doi.org/10.5281/zenodo.2397 1 

Mineo G (2012) On the Palaearctic species of Telenomus Haliday of the brachialis and ture- 
sis groups (Hym. Platygastroidea: Scelionidae Telenominae). Frustula Entomologica 33: 
51-69. 

Mineo G, O’Connor JP, Ashe P (2010) Records of Irish scelionid wasps (Hymenoptera: Plat- 
ygastroidea, Scelionidae) including notes on the genus Verrucosicephalia Szabo. Irish Natu- 
ralists’ Journal Ltd. 31: 113-117. https://www.jstor.org/stable/41419118 

Moonga MN, Kamminga K, Davis JA (2018) Status of stink bug (Hemiptera: Pentatomidae) 
ege parasitoids in soybeans in Louisiana. Environmental Entomology 47: 1459-1464. 
https://doi.org/10.1093/EE/NVY154 

Moore L, Tirello P, Scaccini D, Toews MD, Duso C, Pozzebon A (2019) Characterizing dam- 
age potential of the brown marmorated stink bug in cherry orchards in Italy. Entomologia 


Generalis 39: 271-283. https://doi.org/10.1127/entomologia/2019/0799 


616 Francesco Tortorici et al. / Journal of Hymenoptera Research 97: 591-620 (2024) 


Moraglio ST, Tortorici E Visentin S$, Pansa MG, Tavella L (2021a) Trissolcus koglovi in North 
Italy: host specificity and augmentative releases against Halyomorpha halys in hazelnut or- 
chards. Insects 12: 464. https://doi.org/10.3390/insects 12050464 

Moraglio ST, Tortorici F Giromini D, Pansa MG, Visentin S, Tavella L (2021b) Field collection 
of egg parasitoids of Pentatomidae and Scutelleridae in Northwest Italy and their efficacy in 
parasitizing Halyomorpha halys under laboratory conditions. Entomologia Experimentalis 
et Applicata 169: 52-63. https://doi.org/10.1111/EEA.12966 

Moraglio ST, Tortorici F Pansa MG, Castelli G, Pontini M, Scovero S, Visentin S, Tavella L 
(2020) A 3-year survey on parasitism of Halyomorpha halys by egg parasitoids in northern 
Italy. Journal of Pest Science 93: 183-194. https://doi.org/10.1007/s10340-019-01136-2 

Nees von Esenbeck CGD (1834) 2 Hymenopterorum ichneumonibus afinium monographiae, 
genera Europaea et species illustrantes. J.G. Cottae, Stuttgartiae. https://doi.org/10.5962/ 
bhl.title.26555 

Nixon GEJ (1939) Parasites of hemipterous grain-pests in Europe (Hymenoptera: Proc- 
totrupoidea). Arbeiten tiber Morphologische und Taxonomische Entomologie aus Berlin- 
Dahlem 6: 129-136. https://doi.org/10.5281/zenodo.23913 

O’Connor JP, Mineo G (2009) Telenomus chloropus (Thomson) new to Ireland and second Irish 
records of T) nitidulus (Thomson) and Trissolcus flavipes (Thomson) (Hym.., Scelionidae). 
Entomologists Monthly Magazine 145: 106. 

Orr DB, Boethel DJ, Jones WA (1985a) Development and emergence of Telenomus chloro- 
pus and Trissolcus basalis (Hymenoptera: Scelionidae) at various temperatures and relative 
humidities. Annals of the Entomological Society of America 78: 615-619. https://doi. 
org/10.1093/aesa/78.5.615 

Orr DB, Boethel DJ, Jones WA (1985b) Biology of Telenomus chloropus (Hymenoptera: Sce- 
lionidae) from eggs of Nezara viridula (Hemiptera: Pentatomidae) reared on resistant and 
susceptible soybean genotypes. The Canadian Entomologist 117: 1137-1142. https://doi. 
org/10.4039/Ent1171137-9 

Orr DB (1988) Scelionid wasps as biological control agets: a review. Florida Entomologist 71: 
506-528. https://doi.org/10.2307/3495011 

Ozdemir IO, Tuncer C, Tortorici K Ozer G (2022) Egg parasitoids of green shield bug, Palomena 
prasina L. (Hemiptera: Pentatomidae) in hazelnut orchards of Turkey. Biocontrol Science 
and Technology: 1-15. https://doi.org/10.1080/09583157.2022.2158308 

Péricart J (2010) 3 Faune de France 93: Hémiptéres Pentatomoidea euro-méditerranéens. 
Fédération Francaise des sociétés de Sciences Naturelles, Paris, 291 pp. 

Petrov S (1994) [Contribution to the knowledge of genus Telenomus Haliday (Scelionidae, 
Proctotrupoidea, Hymenoptera)]. Vissh Selskostopanski Institut “Vasil Kolvarv” Nauchni 
Trudove 39: 275-278. 

Polaszek A, Kimani SW (1990) Zelenomus species (Hymenopetra: Scelionidae) attacking eggs 
of pyralid pests (Lepidoptera) in Africa: a review and guide to identification. Bulletin of 
Entomological Research 80: 57-71. https://doi.org/10.1017/S0007485300045922 

QGIS.org (2023) QGIS Geographic Information System. Open Source Geospatial Foundation 
Project. http://qgis.org 


Telenomus species parasitizing stink bugs in the Palearctic region 617 


Ranjbar E, Amin Jalali M, Ziaaddini M, Gholamalizade Z, Talamas EJ (2021) Stink bug egg 
parasitoids (Hymenoptera, Scelionidae) associated with pistachio in Iran and description 
of a new species: Trissolcus darreh Talamas. Journal of Hymenoptera Research 87: 291-308. 
https://doi.org/10.3897/JHR.87.72838 

Ratnasingham S, Hebert PDN (2007) bold: The Barcode of Life Data System (http://www. 
barcodinglife.org). Molecular Ecology Notes 7: 355-364. https://doi.org/10.1111/J.1471- 
8286.2007.01678.X 

Ratzeburg JTC (1844) Die Ichneumonen der Forstinsecten in forstlicher und entomologischer 
Beziehung. Nicolaischen Buchhandlung, Berlin, 224 pp. https://doi.org/10.5962/bhl.ti- 
tle.11094 

Ribes J, Pagola-Carte S (2013) 2 Faune de France 96: Hémiptéres Pentatomoidea euro-médi- 
terranéens. Fédération Francaise des sociétés de Sciences Naturelles, Paris, 394 pp. 

Ricupero M, Cammarata S, Gugliuzzo A, Biondi A, Zappala L, Siscaro G (2022) The parasitic 
complex of Halyomorpha halys : preliminary data on adaptation of native egg parasitoids 
to the invasive host. Acta Horticulturae 1354: 215-222. https://doi.org/10.17660/Acta- 
Hortic.2022.1354.28 

Rjachovskij VV (1959) Egg parasites of the sunn pest in the Ukrainian SSR. Ukrainskii 
Nauchno-Issledovatel’skii Institut Zashchity Rastenii 8: 76-88. https://doi.org/10.5281/ 
zenodo.23969 

Rot M, Maistrello L, Costi E, Bernardinelli I, Malossini G, Benvenuto L, Trdan S (2021) Na- 
tive and non-native egg parasitoids associated with brown marmorated stink bug (Halyo- 
morpha halys (Stal, 1855]; Hemiptera: Pentatomidae) in western Slovenia. Insects 12: 505. 
https://doi.org/10.3390/insects 12060505 

Roversi PF, Binazzi F, Marianelli L, Costi E, Maistrello L, Sabbatini Peverieri G (2017) Search- 
ing for native egg-parasitoids of the invasive alien species Halyomorpha halys Stal (Het- 
eroptera Pentatomidae) in Southern Europe. Redia 99: 63. https://dx.doi.org/10.19263/ 
REDIA-99.16.01 

Sabbatini Peverieri G, Mitroiu MD, Bon MC, Balusu R, Benvenuto L, Bernardinelli I, Fadami- 
ro H, Falagiarda M, Fusu L, Grove E, Haye T, Hoelmer K, Lemke E, Malossini G, Mari- 
anelli L, Moore MR, Pozzebon A, Roversi PE, Scaccini D, Shrewsbury P, Tillman G, Tirello 
P, Waterworth R, Talamas EJ (2019) Surveys of stink bug egg parasitism in Asia, Europe 
and North America, morphological taxonomy, and molecular analysis reveal the Holarctic 
distribution of Acroclisoides sinicus (Huang & Liao) (Hymenoptera, Pteromalidae). Journal 
of Hymenoptera Research 74: 123-151. https://doi.org/10.3897/JHR.74.46701 

Samin N, Shojai M, Asgari S, Ghahari H, Kocak E (2010) Sunn pest (Eurygaster integriceps PU- 
TON, Hemiptera: Scutelleridae) and its scelionid (Hymenoptera: Scelionidae) and tachi- 
nid (Diptera: Tachinidae) parasitoids in Iran. Linzer Biologische Beitrage 42: 1421-1435. 

Sokolov NN (1904) The striated bug (Aelia furcula Fieb.). Trudy Byuro po Entomologii 4: 
26-30. 

Szabé JB (1978) Neue und wenig bekannte 7e/enomus Haliday, 1833 Arten aus dem Karpaten- 
becken (Hymenoptera: Scelionidae). Folia Entomologica Hungarica 31: 219-236. 
https://doi.org/10.528 1/zenodo.24009 


618 Francesco Tortorici et al. / Journal of Hymenoptera Research 97: 591-620 (2024) 


Talamas EJ, Johnson NE, Buffington ML (2015) Key to Nearctic species of Trissolcus Ashmead 
(Hymenoptera, Scelionidae), natural enemies of native and invasive stink bugs (Hemiptera, 
Pentatomidae). Journal of Hymenoptera Research 43: 45-110. https://doi.org/10.3897/ 
JHR.43.8560 

Talamas EJ, Buffington ML, Hoelmer KA (2017) Revision of Palearctic Trissolcus Ashmead 
(Hymenoptera, Scelionidae). Journal of Hymenoptera Research 56: 3. https://doi. 
org/10.3897/JHR.56.10158 

Talamas EJ, Bremer JS, Moore MR, Bon MC, Lahey Z, Roberts CG, Combee LA, McGathey 
N, van Noort S, Timokhov AV, Hougardy E, Hogg B (2021) A maximalist approach to the 
systematics of a biological control agent: Gryon aetherium Talamas, sp. nov. (Hymenoptera, 
Scelionidae). Journal of Hymenoptera Research 87: 323-480. https://doi.org/10.3897/ 
JHR.87.72842 

Tamura K, Nei M (1993) Estimation of the number of nucleotide substitutions in the control 
region of mitochondrial DNA in humans and chimpanzees. Molecular Biology and Evolu- 
tion 10: 512-526. https://doi.org/10.1093/oxfordjournals.molbev.a040023 

Thomson CG (1861) Sverges Proctotruper. Tribus IX. Telenomini. Tribus X. Dryinini. OF 
versigt af Kongliga Vetenskaps-Akadamiens Foérhandlingar 17: 169-181. https://doi. 
org/10.5281/zenodo.23879 

Timokhov AV (2019) Superfamily Platygastroidea. In: Annotated catalog of the Hymenoptera 
of Russia. Belokobylskij SA, Samartsev KG, IPinskaya AS, Proceedings of the Zoological 
Institute Russian Academy of Sciences. Suppement 8. Zoological Institute RAS (St. Peters- 
burg), 42-57. 

Tortorici FE, Talamas EJ, Moraglio ST, Pansa MG, Asadi-Farfar M, Tavella L, Caleca V (2019) 
A morphological, biological and molecular approach reveals four cryptic species of Trissol- 
cus Ashmead (Hymenoptera, Scelionidae), egg parasitoids of Pentatomidae (Hemiptera). 
Journal of Hymenoptera Research 93: 153-200. https://doi.org/10.3897/JHR.73.39052 

Tortorici K Bombi P, Loru L, Mele A, Moraglio ST, Scaccini D, Pozzebon A, Pantaleoni RA, 
Tavella L (2023) Halyomorpha halys and its egg parasitoids Trissolcus japonicus and T mit- 
sukurit: the geographic dimension of the interaction. NeoBiota 85: 197—221. https://doi. 
org/10.3897/neobiota.85.102501 

Viktorov GA (1967) Problems in insect population dynamics with reference to the sunn pest. 
Nauka, Moscow, 271 pp. 

Voegelé J (1969) Les hyménopteéres parasites oophages des Aelia. Al Awamia 31: 137-323. 

Walker F (1836) On the species of Platygaster, &c. Entomological Magazine 3: 217-274. htt- 
ps://doi.org/ 10.528 1/zenodo.24083 

Yan C-J, Talamas E, Lahey Z, Chen H-Y (2022) Protelenomus Kieffer is a derived lineage of Trissolcus 
Ashmead (Hymenoptera, Scelionidae), with comments on the evolution of phoresy in Scelio- 
nidae. Journal of Hymenoptera Research 94: 121-137. https://doi.org/10.3897/jhr.94.95961 

Yonow T, Kriticos DJ, Ota N, Avila GA, Hoelmer KA, Chen H, Caron V (2021) Modelling 
the potential geographic distribution of two Trissolcus species for the brown marmorated 
stink bug, Halyomorpha halys. Insects 12: 491. https://doi.org/10.3390/insects1206049 1 

Zapponi L, Tortorici F, Anfora G, Bardella S, Bariselli M, Benvenuto L, Bernardinelli I, Buttur- 
ini A, Caruso S, Colla R, Costi E, Culatti P, Di Bella E, Falagiarda M, Giovannini L, Haye 


Télenomus species parasitizing stink bugs in the Palearctic region 619 


T, Maistrello L, Malossini G, Marazzi C, Marianelli L, Mele A, Michelon L, Moraglio ST, 
Pozzebon A, Preti M, Salvetti M, Scaccini D, Schmidt S, Szalatnay D, Roversi PE Tavella 
L, Tommasini MG, Vaccari G, Zandigiacomo P, Sabbatini Peverieri G (2021) Assessing 
the distribution of exotic egg parasitoids of Halyomorpha halys in Europe with a large-scale 
monitoring program. Insects 12: 316. https://doi.org/10.3390/insects12040316 

Zhu GP, Bu W, Gao Y, Liu G (2012) Potential geographic distribution of brown marmorated 
stink bug invasion (Halyomorpha halys). PLoS ONE 7(2): e31246. https://doi.org/10.1371/ 
journal. pone.0031246 


Supplementary material | 


Phylogeny reconstruction of COI of Telenomus truncatus and Te. turesis 
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Explanation note: The tree of life was inferred by using the Maximum Likelihood 
method and Tamura-Nei model with an interior branch test and 1000 bootstrap 
replications. The percentage of trees in which the associated taxa clustered togeth- 
er is shown next to the branches. This analysis involved 97 nucleotide sequences. 
There was a total of 492 positions in the final dataset. Star (*) indicates sequences 
mined from online datasets. 
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Distribution map 
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Explanation note: Distribution map indicating the points for Telenomus truncatus 
(blue spots) and for Te. turesis (red spots) retrieved from material examined and 
from BOLD barcodes. 
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Estimates of Evolutionary Divergence between Sequences 
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Data type: xlsx 

Explanation note: The number of base substitutions per site from between sequences 
are shown. Analyses were conducted using the Maximum Composite Likelihood 
model (Tamura and Kumar 2004). The rate variation among sites was modeled with 
a gamma distribution (shape parameter = 1). This analysis involved 105 nucleotide 
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List of the specimens examined 
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Explanation note: Images and sequence data for species of Telenomus that are classified 
in the podisi species group (sensu Johnson 1984). 
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